Multidrug-resistant tuberculosis (MDR-TB) is a major public health challenge, with an estimated 480 000 new cases emerging globally each year [1] . Treatment success rates using the 20-month conventional World Health Organization (WHO) regimen have been low, being about 52% in 2013 [1] . Observational studies in Bangladesh and several African countries have shown success rates of 84% using a shorter regimen [2] [3] [4] . Based on these studies, in May 2016 the WHO conditionally recommended a standardised, shorter 9-12-month regimen for MDR pulmonary tuberculosis (PTB), comprising a 4-6-month intensive phase with a combination of kanamycin, moxifloxacin, prothionamide, clofazimine, pyrazinamide, high-dose isoniazid and ethambutol, followed by a 5-month continuation phase containing moxifloxacin, clofazimine, ethambutol and pyrazinamide [5] . Confirmed resistance (except to isoniazid) or suspected ineffectiveness to a drug in this regimen is one of the exclusion criteria [5] .
Several researchers have highlighted the ambiguity of the eligibility criteria and expressed doubts as to the widespread applicability of this regimen [6] . Publications from Europe have reported eligibility rates ranging from 6.2% to 14% [7] [8] [9] [10] . Data from Pakistan and Brazil showed more optimistic eligibility rates of 50% or higher [11, 12] . A multicountry population-based survey showed that, although pyrazinamide resistance was significantly associated with rifampicin resistance, this drug might still be effective in 19-63% of patients with rifampicin-resistant TB, and that the worrisome high level of ofloxacin resistance in Pakistan ( probably reflecting extensive, unregulated use of fluoroquinolones in some parts of Asia) was tempered by the negligible levels of resistance to fourth-generation fluoroquinolones documented in all survey sites [13] . To our knowledge, there are to date no publications on the eligibility of this regimen among patients with MDR-PTB from South-east Asia, India and China.
Singapore, a country with an intermediate TB incidence in South-east Asia, receives migrant workers and medical tourists from countries with high TB incidence in the region. Since 2008, foreign-born TB cases have accounted for slightly above 40% of the country's TB burden. MDR-TB has been reported in 3% of foreign-born cases of PTB and 0.3% of PTB cases born in Singapore or Malaysia [14] .
The diagnosis of MDR/rifampicin-resistant PTB in developing countries is often based solely on the Xpert MTB/Rif assay (Cepheid, Sunnyvale, USA), and many of these countries lack quality-assured laboratory capacity to perform full phenotypic drug susceptibility testing (DST). Information collected by the WHO on DST reporting for fluoroquinolones and second-line injectables indicate that, among MDR/ rifampicin-resistant patients with TB notified to the authorities in 2015, only 36% were reported to have DST to these drug classes, with the lowest coverage being in the WHO Western Pacific and South-east Asia regions [1] . In developing countries where the highest burden of MDR-TB exists, the availability of DST for the other drugs in the WHO shorter regimen (i.e., pyrazinamide, ethionamide/prothionamide and clofazimine) is not known. Although the WHO-endorsed Genotype MTBDRsl versions 1 and 2 (Hain LifeScience, Nehren, Germany) detect genotypic resistance to the fluoroquinolones and second-line injectables, there are currently no commercial assays to detect genotypic resistance to pyrazinamide, ethionamide or clofazimine. Singapore is served by two mycobacterial culture laboratories, the Central TB Laboratory at the Singapore General Hospital and the Microbiology Laboratory of the National University Hospital. Both laboratories routinely perform first-line DST to isoniazid, rifampicin, ethambutol and streptomycin for all patients with positive Mycobacterium tuberculosis complex (MTC) isolates. DST to kanamycin, ofloxacin and ethionamide is routinely performed on isolates resistant to rifampicin and/or isoniazid. DST to pyrazinamide, para-amino salicylic (PAS), clofazimine and capreomycin are performed on request. The critical concentrations used for each of the drugs are as follows: rifampicin 1.0 μg·mL . All positive MTC culture and DST results are captured in the National TB Registry via electronic linkage to both mycobacterial laboratories because TB is a notifiable disease in Singapore. Patient demographic data, country of origin and type of case (new/previously treated) are captured in the National TB Registry.
Using data from the registry, we analysed the phenotypic DST results to the constituent drugs (except isoniazid) of the shorter WHO regimen of all MDR-PTB cases diagnosed in Singapore from 2002 to 2016 to determine their eligibility for this regimen. Ethics approval was not required, as this was registry data analysed in aggregate form.
During the study period, there were 270 patients with MDR-PTB (202 new and 68 previously treated cases), of whom 49 were born in Singapore, five were born in Malaysia and 216 (80%) were born outside of Singapore/Malaysia. The latter group comprised patients from Indonesia (n=76), Myanmar (n=56), China (n=37), Philippines (n=18), Vietnam (n=15), India (n=7) and Bangladesh (n=4), with one patient each from Saudi Arabia, Tonga and Russia. Nine patients (3.3%) were extensively drug-resistant (XDR) and 29 (10.7%) were pre-XDR cases.
The patients from Saudi Arabia, Tonga and Russia (none of whom had XDR) were excluded from our analysis. For the remaining 267 patients, phenotypic DST results to ethambutol were available for all; to kanamycin and ethionamide in 266 (99.6%), to ofloxacin in 261 (97.8%), to pyrazinamide in 165 (61.8%) and to clofazimine in 105 (39.3%) (table 1). Of those tested, 4.1% (11/266) were resistant to kanamycin, Our study has several limitations. Only 62% and 39% of cases had DST performed to pyrazinamide and clofazimine, respectively. The small number of cases in our cohort may not be representative of patients with MDR-TB in the respective countries of origin. Information pertaining to new or previously treated TB and country of origin was subject to the accuracy of the notifying physician's submission to the registry.
Our study shows that only about 30% of patients with MDR-PTB diagnosed in this sample from South-east Asia would be eligible for the WHO shorter MDR-TB treatment regimen. Ignoring ethambutol resistance, approximately 50% of these cases would be eligible. However, in the absence of individual full DST results, we advise caution in the use of this regimen in patients from the South-east Asian countries represented in our study. 
